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Abstract. Many similar products offered by several sellers in e-
marketplace applications make the buyers need to be more selective when
shopping. This article addresses the prioritization of the goods sellers
alternatives in e-marketplace by integrating the VIKOR with the SMARTER
method for the process of multi-criteria decision making (MCDM) by
considering various variables as selection criteria. There are five variables
of sellers in the e-marketplace that are used as selection criteria, namely:
product price, number of products sold, seller score rating, number of
reviews with five stars, and location distance. The SMARTER method is
used to determine the criteria weight, and the VIKOR model to rank the
alternative priorities according to the weighted index. The case studies are
conducted on three e-marketplace in Indonesia with the most number of
monthly web visitors, namely: Shopee, Tokopedia, and Bukalapak. Finally,
integration of SMARTER and VIKOR method allows the buyers to get the
good products at competitive prices from the optimal goods sellers in the e-
marketplace.

Keywords. Multi-Criteria Decision Making; E-Marketplace; Seller
Selection; VIKOR Method; SMARTER Method.

1 Introduction

The great market potential and good growth trends make e-marketplace one of the most
successful digital businesses in Indonesia. This success is one of the more factors in the
increasing number of choices in the e-marketplace, both in terms of application and number
of sellers. Many similar products offered by several sellers in the e-marketplace applications
makes the buyer must be more selective to obtain a good product at competitive prices from
the optimal sellers [1]. The large, fast, and diverse number of e-marketplace data transactions
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raises big data phenomenon. Big Data analytics on e-marketplace can help companies to learn
about consumer behaviour in shopping, while from the consumer side can make it easier to
decide on the purchase of goods [2].

Data on e-marketplace developments in Indonesia in the fourth quarter of 2019 obtained
from the site of online shopping aggregator iPrice, mentioned that Shopee has become an e-
marketplace with the highest number of monthly web visitors, followed by Tokopedia and
Bukalapak behind it. Therefore, this paper will be focused on the selection of the optimal
goods sellers from the three e-marketplace, namely: Shopee, Tokopedia, and Bukalapak.

Decision support system (DSS) to select the optimal goods seller from several e-
marketplace at once is a process to rank a series of alternative sellers based on several
assessment criteria. Multi criteria decision making (MCDM) is the right method to solve the
problem [3]. There are several alternative methods that can be used to solve MCDM problems
such as AHP, ANP, ELECTRE, SMARTER, TOPSIS, PROMETHEE and VIKOR [4].

There are two kinds of approaches that can be used to help solve MCDM problems,
namely: single and hybrid methods, but hybrid method approach proved more reliable,
because it can cover each other's weaknesses. So, it can produce the criteria of weighted in
more consistent and reliable decision making [5]. Therefore, this study will use a hybrid
approach by combining the SMARTER and VIKOR methods.

The VIKOR method (Vise Kriterijumska Optimizacija Kompromisno Resenje) has been
widely used to solve various decision-making issues based on multi-criteria [6]. This method
focuses on the selection and ranking of several alternatives with conflicting criteria [7] by
proposing a compromise solution to the results based on the estimated ideal solution [8]. The
VIKOR method has weaknesses in the initial weighting process of criteria that is subjective,
so a combination with other methods is needed to obtain more accurate and more stable
results [5]. To cover it, this study will be combined with the SMARTER method (Simple
Multi-Attribute Rating Technique Exploiting Ranks). This method determines the weight of
each criterion based on ROC (Rank Order Centroid) calculations [9], which has been widely
applied to the multi-criteria model, because it has proven advantages in the process of
weighting criteria, so that the results of the consistency of distance between criteria can be
maintained [10]. As an example the study of Hidayat et al. [11] which has proven that
modification of the weighting of criteria by the SMARTER method has proven to be more
selective in determining scholarship recipients.

Some related studies are the main references for this study, because they have similar
topics and purposes, namely: the development of information systems to help select the
optimal goods sellers on AliExpress using the AHP method [1], and the development of an
optimal seller recommendation system in the e-marketplace using the Simple Additive
Weighting (SAW) method [12]. This study aims to combine the VIKOR and SMARTER
method to provide recommendations for the optimal goods sellers from three e-marketplaces
at once automatically, namely: Shopee, Tokopedia, and Bukalapak. So, buyers will get
products at competitive prices, and various other criteria that are taken into consideration.
There are five seller variables that will be used as selection criteria, namely: product price,
number of products sold, seller score rating, number of reviews with five stars, and location
distance.

2 Materials and Methods

2.1 Materials

This study uses web mining techniques with scraping tool, as shown in Fig 1. to mine data
from three e-marketplaces in Indonesia, namely: Shopee, Tokopedia, and Bukalapak which
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contain products, sellers, and attributes selected as criteria [13]. The selection of these
attributes is based on previous study [12], and sourced from field research by surveys and
interviews with a number of respondents who are experienced and still actively transacting
in the e-marketplace. The seller attributes selected as consideration in the selection, there are
five kinds of criteria, as shown in Table 1.

Unstructured data Structured data

=T

Web Mining Technigues

=

Data analysis

Fig 1. Schema of data mining process from three e-marketplaces

Table 1. The DSS criteria

No Criteria Criteria Description
1 Seller Score Rating Seller ratings based on buyer ratings
- Higher-the-better (Benefit)

2 Number of Reviews - Buyer reviews with 5 stars show the seller's
with 5 Stars performance is very positive
- Higher-the-better (Benefit)
3 Product Price - Identified by the nominal in Rupiah currency (IDR)
- Lower-the-better (Cost)
4 Number of Products - Number of products successfully sold
Sold - Higher-the-better (Benefit)
5  Location Distance - Distance between seller and buyer location in KM units

- Lower-the-better (Cost)

2.2 Methods

Reference in multi-criteria decision making (MCDM) is how we can make a decision based
on several conflicting criteria. The decision maker must be able to choose the most
appropriate alternative from a number of alternatives, based on pre-defined selection criteria
[6]. MCDM is a practical and reliable tool in solving problems that are certain or not, and
can facilitate the merging of quantitative and qualitative methods of scientific analysis [14].
This study will implement the VIKOR and SMARTER methods to help select and determine
the optimal goods seller ranking from three e-marketplaces at once.

The VIKOR method is a decision making technique developed to optimize multi-criteria
problems [15]. Several studies on the implementation of the VIKOR method in MCDM have
been carried out, such as the suppliers selection in the nuclear power industry [16], material
selection for the repair of concrete structures [17], weapon system selection based on
consistency analysis [18], and the ranking of concrete bridge repair projects with target-based
criteria [7]. From various studies it can be concluded that the VIKOR method is proven to
help the selection and ranking process on MCDM issues. The basic concept of the VIKOR
method is to determine the alternative ranking based on the results of the regret (R) value of
each alternative. The core of this method is how to select and then rank the results it in the
form of alternative sets with conflicting criteria [19].
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The following is a sequence of steps from the proposed method, namely implementing
the VIKOR and SMARTER methods to determine the optimal goods seller rank from three
e-marketplaces [18, 20, 21, 22] :

Step 1 : Define the decision-making criteria.
The first step is to define the criteria used to make decisions, there are five seller attributes
selected as consideration in the selection, as shown in Table 1.

Step 2 : Create a decision matrix (F) based on existing alternatives and criteria.

In this step each alternatives and criterion is arranged in the form of a Decision matrix (F),
A; declared i*" alternative i = 1,2,3, ..., 1; Cy,, declared j*" criteria j = 1,2,3, ..., m. x;; is the
alternative response i in the criteria j.

A, Cai G v G
) X11 X127t Xin
F= ""1X3 X3 - X m
A : : :
m
Xm1 Xm2 7 Xmn

Step 3 : Determine the weights for each criterion

Determine the weight of each criterion (W) based on the level of importance using the
SMARTER method. This method is based on the theory that each alternative has a number
of criteria that contain values, in addition each of these criteria has a weighted describing the
importance level compared to other criteria. Determination of priority criteria is usually
formed with the statement “criterion 1 is more important than criterion 2, which is more
important than criterion 3 and so on until criterion j , or can be written C,.> C.> C.> ...2 C,
to determine its weight can be explained as the following equation [23].

Wy =W, 2 Wy > ... 2 W (2)

Weighting with the ROC technique, can be formulated as follows:

- () 24,0

where | expressed as the number of criteria, j as j-th criterion, and i expressed as order of
criteria (i= 1,2,3, ..., j ).

Step 4 : Normalize the matrix
Make a normalized matrix by determining positive (f;*) and negative (f;”) values as the ideal
solution for each criterion, as the following equation:

- If the criteria are in the benefit category, then use the function:

fi = max;f;; and fj” = min;f;; ®
- If the criteria are in the cost category, then use the function:

fi = min;f;; and fi = max;f;; o

where i expressed as order of alternative (i = 1,2,3,...,n) , and j expressed as order of criteria
(=123, ... m).

Step 5 : Calculate the utility measure (S) and regret measures (R) of each alternative.
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(F=fij)
S p— ()
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R; = max; [W o fli) o
- 17)

Where S; expressed as the value of the alternative distance to the positive ideal solution, R;
is the value of the alternative distance to the negative ideal solution, and W is the weight
value obtained from calculations with the SMARTER method (step 3).

Step 6 : Calculate the value of VIKOR index

(R;—R")
(R*-R7)

(Si=57)
Q=755 )] +(1- U)[
Where S* is max;(S;), S~ for min;(S;), R* is max;(R;), and R~ as min;(R;), and v was
weight ranging from 0 to 1 (generally 0.5). The smaller VIKOR index (Q;), the better of
alternative solution.

Step 7 : Rank the alternatives.
After Q; was calculated (step 6), there would be three types of ranking: S;, R;, and Q;.
Compromise solutions were seen in Q; ranking.

Step 8 : Propose as a compromise solution.

Finally, the last step measures the minimum VIKOR index based on the following conditions:

1) Condition 1 : Acceptable advantage, a difference between the Q4, and Q,,, the best and
the second alternative ranking respectively.

Qaz2-Qa1 2 DQ ®

Where DQ =

(10)

(m 1)
where m is the number of alternatives.

2) Condition 2 : Acceptable stability in decision making. This compromise solution is stable
in the decision-making process that could be due to: “vote by majority rule” (when v >
0.5), or “by consensus” (v = 0.5), or “by veto” (v < 0.5).

If any of conditions is not satisfied, a compromise solution can be proposed as follows:

- Alternative Q,; and Q,, if only Acceptable stability condition in decision making is not
satisfied.

- Chooses alternative Q4q, Q4z, .. , Qam, if Acceptable Advantage condition is not satisfied;
Q 4m 18 the alternative determined from the relation.

Quam)-Qun < DQ

Where m maximum is an alternative which the position are “in closeness”.
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3 Implementation

The implementation of the SMARTER method usually involves respondents who have
competence as decision makers to determine the priority level of each criterion needed in the
SMARTER method for ROC calculations. So, in this study uses a multilevel (Likert scale)
questionnaire on each answer given to respondents who are experienced and still actively
transacting in the e-marketplace to determine it. The results are as shown in Table 2.

Table 2. The Weight value of each criterion

Criteria Name Code Category Priority  Criteria Weights (W)
Level using ROC
Seller Score Rating Cl1 Benefit 1 0,46
Number of Reviews with 5 Stars  C2 Benefit 2 0,26
Product Price C3 Cost 3 0,16
Number of Products Sold C4 Benefit 4 0,09
Location Distance C5 Cost 5 0,04

The system will be built using 2 kinds of data as input. Firstly, data from users in the form
of price restrictions, destination addresses, and product search keywords. Secondly, the
system will mine the seller data from the e-marketplace based on the user input that contains
several attributes, namely: product price, number of products sold, seller rating rating,
number of reviews with five stars, and the seller's address. The system will automatically
calculate the user's location distance with the seller by utilizing the Google Maps service.
Google Maps is one of the most powerful mapping application services created by Google,
which features an API key enabling developers to integrate these mapping services into
systems [24]. The analysis process flow, as shown in Fig. 2.

INPUT PROCESS ouTPUT

Criteria Variable: @ | | == e cccccccccccc e e

: Data Pre-analysis The Results of
1

1. Seller score rating

2. Number of reviews with five stars > Data Calculate Location
3. Product price 1 | _Conversion Distance

4. Number of products sold

5. Seller's address e it Bttt !

6. User's location

Selection and Ranking

A

Alternative:

1. Seller A 4 SellerD
2.SellerB 5

R VIKOR method
3. SellerC 6. Seller n-th

Fig 2. Analysis process flow

Data samples based on search results from Shopee, Tokopedia, and Bukalapak with the
keyword "Samsung al0" taken on April 27, 2020. Then, we selected 15 alternative sellers
based on price with the destination address Semarang city as an example of a case analysis
in this study, as shown in Table 3. Then, the data is calculated using the proposed method, so
as to generate the conclusions as shown in Table 4 and Table 5.
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Table 3. Criteria information of selected seller from e-marketplaces

Marketplace Seller’s Name Code Location C1 C2 C3 C4
Tokopedia  one's_olshop Al Kab. Bogor 49 76 1.604.000 1.093
Tokopedia  Distributor Ponsel A2 Jakarta barat 4,7 276  1.636.000 2.207
Tokopedia  varelie ponsel A3 Jakarta barat 50 110  1.665.000 484
Tokopedia ~ Barokah Online Abadi A4 Demak 48 64 1.625.000 207
Tokopedia ~ HN Store 2003 A5 Jakarta Pusat 50 40  1.620.000 607

Shopee quenzyqee A6 Kab. Tangerang 49 93 1.600.000 453
Shopee murah2019 A7 Tangerang Selatan 49 9 1.609.999 62
Shopee nashop7979 A8 Jakarta Selatan 49 39  1.610.000 70
Shopee hnstore2003 A9 Jakarta Pusat 48 8 1.620.000 13
Shopee shopeedia A10  Jakarta barat 4,7 6 1.675.000 20
Bukalapak ~ JAYA STORE All Jakarta Utara 4,7 16 1.674.000 41
Bukalapak ~ Xiaomi Store Al12  Jakarta Pusat 42 1 1.673.070 8
Bukalapak  Gojap Al13  Jakarta barat 48 95 1.675.000 438
Bukalapak ~ Dsun Shop Al4  Kab.Bogor 50 9 1.625.000 13
Bukalapak ~ Metta Cell Bekasi Al5  Bekasi 50 5 1.670.000 14

Table 4. Implementation procedure for the proposed method steps 1-3

Alternatives C1 C2 C3 C4 C5
Al 49 76 1.604.000 1.093 480
A2 4,7 276 1.636.000 2.207 452
A3 50 110 1.665.000 484 452
A4 48 64 1.625.000 207 34
A5 50 40 1.620.000 607 446
A6 49 93 1.600.000 453 485
A7 49 9 1.609.999 62 463
A8 49 39 1.610.000 70 405
A9 48 8 1.620.000 13 446

Al10 4,7 6 1.675.000 20 452
All 4,7 16 1.674.000 41 444
Al2 42 1 1.673.070 8 446
Al3 48 95 1.675.000 438 452
Al4 50 9 1.625.000 13 480
Al5 50 5 1.670.000 14 424
W; 0,09 0,04 0,46 0,16 0,26
f; 50 276 1.600.000 2.207 34
fi 42 1 1.675.000 8 485

Table 5. Implementation procedure for the proposed method steps 4-7

Alternatives C1 Cc2 C3 C4 C5 M R; Q; Rank
Al 00571 0,1867 0,0084 0,0456 0,0396 03373 0,1867  0,0905 4
A2 0,1713 0,0000 00752 0,0000 00371 0,2835 0,1713  0,0270 1
A3 0,0000 0,1549 0,1358 0,0705 0,0371 0,3983 0,1549  0,0809 3
A4 0,1142 0,1979 0,0522 0,0819 0,0000 04461 0,1979  0,1858 6
A5 0,0000 0,2203 00418 0,0655 0,0365 0,3641 02203 0,1651 5
A6 00571 0,1708 0,0000 00718 0,0400 0,3397 0,1708  0,0659 2
A7 0,0571 0,2492 0,0209 0,0878 0,0380 04530 02492 02757 10
A8 0,0571 02212 0,0209 0,0875 0,0329 04195 02212 0,2057 7
A9 0,1142 0,2501 00418 0,0898 0,0365 0,5324 02501 03333 12
Al0 0,1713 0,2520 0,1567 0,0895 0,0371 0,7065 02520 04591 14
All 0,1713 0,2427 0,1546 0,0886 0,0364 0,6935 02427 04345 13
Al2 04567 0,2567 0,1526 0,0900 0,0365 0,9925 04567  1,0000 15
Al3 0,1142 0,1689 0,1567 0,0724 0,0371 0,5492 0,1689  0,2106 8
Al4 0,0000 0,2492 0,0522 0,0898 0,0396 04308 02492 0,2601 9
Al5 0,0000 0,2529 0,1462 0,0898 0,0346 0,5235 02529 03316 11

Category Benefit Benefit Cost Benefit Cost v =05
S R” 0,2835 0,1549
ST R™ 0,9925 04567
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4 Result and Discussion

A compromise solution is determined from the alternative that has the best ranked by the
measure Q (minimum), if the following two conditions are satisfied:

1) Condition 1 : Acceptable advantage

1 1 1
T m-n @as-1) 14 0,0714

DQ
Qa6 — Q42 =0,0659 — 0,0270 = 0,0389
The value of Q46 — Q42 < DQ. So, Acceptable advantage conditions are not satisfied.

2) Condition 2 : Acceptable stability in decision making
The best ranking results (Q,) with consistently different v values are Alternative 2 (A2)

(v=10,45;v=0,5;and v = 0,55), as shown in Table 6. So, it can be proved that the
condition Acceptable stability in decision making is satisfied.

Table 6. Ranking of Q; with different value of v

Rank (@) Al A2 A3 A4 A5 A6 A7 A8 A9 Al0 All  AI2 Al3  Al4  AlS
v=05 4 1 3 6 5 2 10 7 12 14 13 15 8 9 11
4 1 3 6 5 2 10 8 12 14 13 15 7 9 11

0,45

=il <

3 1 4 6 5 2 10 7 12 14 13 15 8 9 11
0,55

From this explanation, it can be seen that condition 1 : Acceptable advantage is not
satisfied, therefore we choose alternative Q,q, Qu3, and Q,; which the position are “in
closeness” with Q4,, as shown in Table 7.

Table 7. Rank the alternatives

QAm, QAZ QAG QAS QAl QAS QA4- QAlZ
Rank (Q;) 1 2 3 4 5 6 15
v= 0,5 0,0270 0,0659 0,0809 0,0905 0,1651 0,1858 1,0000
DQ L L L =0,0714

T mn (s-1) 1
Qa6 — Q42 =0,0659—-0,0270 = 0,0389 < 0,0714
Qa3 — Q42 =0,0809 —0,0270 = 0,0539 < 0,0714
Qa1 — Q42 =0,0905—-0,0270 = 0,0634 < 0,0714

From these calculations it can be seen, that Q,, is not superior to Q4¢, Q 43, and Q4. So,
four of them all, namely: Q,, Q4¢, Q43,and Q4, can all be considered as compromise solution

of Samsung A10 product sellers ranking from three e-marketplaces with the SMARTER and
VIKOR method at the time of data collection.

5 Conclusions
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Optimal seller selection and ranking from several e-marketplaces is one of the case of multi-
criteria decision making issues. The process involves data that contains numerous seller
alternatives as an option with multiple conflicting criteria. Therefore, a decision support
system is needed that can help it. This study proposes a combination of the VIKOR and
SMARTER methods as a solution to the problem, because from various previous studies, the
VIKOR method proved to help solve the problem of selection and ranking of a number of
alternatives that have conflicting criteria. Meanwhile, the SMARTER method has an
advantage in the initial weighting of criteria by using ROC calculations, so that this
combination can cover the weaknesses of each.

This study takes an example of the Samsung A10 seller selection process from three e-
marketplaces, namely: Shopee, Tokopedia and Bukalapak in the form of sample data
containing 15 alternative sellers along with five selection criteria. The combination of the
SMARTER and VIKOR methods helps provide optimal seller recommendations by giving
the best ranking results (Q;) with v = 0,5, namely : Distributor Ponsel (A2) = 0,0270,
quenzyqee (A6) = 0,0659, varelie ponsel (A3) = 0,0809, one's_olshop (A1) = 0,0905.
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